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Sites Offstream Storage Project
Power Cost Study

Objectives
The main objective of the study is to determine the energy costs and

revenues associated with the pumping of the scheduled inflows and with power
generated by the release of the scheduled outflows at the proposed pumped-
storage hydroelectric powerplant between the existing Funks Reservoir and the
proposed 1.8 maf Sites Reservoir. The study does not include costs associated
with any additional pumping/generating plants required to transport water from
the river to Funks Reservoir. The study also does not include the cost of energy
consumed during the initial filling of the reservoir. Two alternative operations
are considered: (1) an operation with existing storage capability at Funks
Reservoir to accommodate water needs only, which will be referred to as minimal
operation; and (2) an operation with an enlarged Funks Reservoir to maximize
power operations which will be referred to as optimized operation.

The following are the other objectives of the study:
1) Verify if pumpback is economical and requires the expansion of Funks

Reservoir.
2) Determine availability and cost of transmission interconnection.
3) Establish additional factors that can affect the feasibility of the proposed

pumped-storage project.
4) Summarize information on pumped-storage technology, including projects

constructed this decade and current license applications for pumped-storage
hydroelectric powerplants.

5) Establish if pumped-storage is competitive in the present state of
deregulation of the electric power utility system.

Methods
The study is based on the Division of Planning and Local Assistance’s Sites

Reservoir Study 656, which consists of 74 years of simulated operation. These
data, shown in Tables 4-7 in the Attachment, are based on hydrology for 1921
through 1994 and include monthly inflow from Sacramento River diversion,
outflow, reservoir storage, and end-of-month head (difference in elevation
between Funks and Sites). The average monthly head shown on Table 8 of the
Attachment was calculated and used in the study.

Figure 1 shows the range of the calculated average monthly heads over the
study period while Figure 2 shows the variation of the average monthly head used
in the study. Based on the available head, the study establishes the amount of
power to pump the inflows (in MW) and the power generated when the outflows
are released through the generators.

For the minimal operation, the average monthly pumping rates were
calculated in cubic feet per second based on the monthly inflow and were used to
compute the monthly pumping energies and associated costs. Likewise, the
average monthly released flows were calculated based on the monthly outflow



North of the Delta Offstream Storage Investigation

DRAFT2

and used for computing the monthly generated energies and associated revenues.
The plant operates twenty-four hours a day at the average pumping or generating
discharge rates computed above, without maximizing off-peak pumping or on-
peak generation.

For the optimized operation, the plant is assumed to operate at the rated
capacities of 6,800 cfs in the pumping mode and 9,064 cfs in the generating
mode. To be able to operate at the rated pumping and generating capacities,
Funks Reservoir must be enlarged to accommodate the maximum additional
daily storage capacity with the pumps operating at rated capacity (6,800 cfs)
during the duration of the off-peak hours (ten hours daily). On pumpback,
whatever capacity was pumped into Sites must be the same capacity to be
discharged to Funks so as not to affect the scheduled inflows and outflows.
Additional assumptions used in the study are shown in the Attachment. The
amounts of energy consumed for pumping and produced by generation are then
determined for two modes of operation:
1) Seasonal operation – Water is generally pumped into the reservoir in the

winter and released from the reservoir in the summer in the amounts
indicated by the inflow and outflow data provided by the Division of
Planning and Local Assistance.  Water is pumped during the off-peak hours
at the rated capacities of 6,800 cfs to minimize pumping energy costs unless
additional on-peak pumping is required to move the total inflow. Water is
released during the on-peak hours to maximize revenue generated unless
additional off-peak generation is required to move the total outflow.

2) Daily pumpback operation – After the plant has pumped or released the
required amount for seasonal operation, the remaining hours are made
available for pumpback operation. During pumpback operation, pumping
is scheduled during the off-peak hours to minimize pumping energy costs
and generation is scheduled during the on-peak hours to maximize the
generated revenues. Since the primary purpose of the plant is to store water
during periods of excess inflows and release water during the dry seasons,
the daily pumpback operation is optional and used only when economically
justified.
The cost of energy consumed for pumping and revenue produced during

generation is determined by the projected energy price for 1999 as shown in
Table 3 under the Discussion section.

 Result
The annual pumping cost and generation income for the minimal operation

is shown on Figure 3. Of the 72 years examined, 40 years (55 percent) of the
study period resulted in the annual pumping costs exceeding the generation
income. Figure 4 shows the average monthly pumping cost and generation
income, and Table 1 summarizes the range of annual operation in terms of MWh
and dollars, which excludes the first and last years of the study due to incomplete
yearly data. The average annual energy cost and revenue are 24.9 and
25.7 $/MWh, respectively.
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Table 1. Minimal Operation
Annual Operation72-Year

Range Energy
Consumption

(MWh)

Energy
Production

(MWh)

Energy Cost
($)

Energy
Revenue

($)

Max 350,462 260,743 8,990,537 6,330,848
Min 0 0 0 0
Avg 106,705 74,961 2,657,206 1,925,370

For the optimized operation with an enlarged Funks Reservoir and no
pumpback operation, Figure 5 shows 39 years (53 percent) of the study period
resulted in the annual seasonal generation income exceeding the pumping cost.
The plant can also generate additional revenue as shown in Figure 6 if pumpback
is used. The pumpback analysis shows economical operation for all months of
every year; however the benefits are only significant during the summer months
when the on-peak and off-peak differentials are large. Incorporating pumpback
with the seasonal operation results in 57 years (77 percent) of the time that
annual generation exceeded the pumping costs and also results in a more
substantial generation revenue over the pumping costs shown in Figure 7. The
range of annual operation in terms of MWh and dollars is summarized in Table
2 below for both the seasonal and pumpback modes. Figures 8 and 9 also show
the average monthly pumping cost and generation income for the seasonal and
pumpback modes. The average combined seasonal and pumpback energy cost
and revenue are 17.9 and 29.6 $/MWh, respectively.

Table 2. Optimized Operation
Annual OperationMode of Operation 72-Year

Range Energy
Consumption

(MWh)

Energy
Production

(MWh)

Energy Cost
($)

Energy
Revenue

($)

Max 350,462 260,743 8,437,045 7,889,120

Min 0 0 0 0

Seasonal
Without Pumpback

Avg 106,705 74,961 2,399,642 2,459,610

Max 691,325 529,807 11,987,731 15,403,745

Min 217,675 166,819 3,645,719 4,861,268

Pumpback
and No Seasonal

Avg 447,204 342,721 7,492,857 9,913,321

Max 799,973 625,161 15,032,086 18,362,605

Min 223,201 166,819 3,770,901 4,861,268

Combined Seasonal
and Pumpback

Avg 553,909 417,682 9,892,498 12,372,931

The optimized operation maximizes off-peak pumping to operate
economically; this often results in operating the plant at maximum capacity for
all off-peak hours of the day, especially if pumpback is incorporated. To
accommodate such operation, Funks Reservoir needs to be enlarged to have an
operating storage of 5.6 taf in addition to any dead-pool storage required.
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Additional Cost And Revenue
PG&E performed an Informational Review to determine the transmission

interconnection costs of the proposed pumped-storage hydroelectric powerplant
at Sites Reservoir. A report is enclosed that includes a map showing the
approximate location of the proposed pumped-storage powerplant and the closest
230 kV line. Based on the previously estimated generation capacity of 162 MW,
pumping requirement of 200 MW, and allowance for future expansion, PG&E
proposes to loop two 230 kV transmission lines to the pumped-storage facility.

The next step is for PG&E to perform either a Preliminary Facilities Study
or a Detailed Facilities Study depending on how much detail DWR requires. The
cost of the study will depend on the complexity and the number of alternatives to
be studied. The Informational Review Report is included in the Attachment.
Note that the location of the proposed pumped-storage facility shown on the
map provided by PG&E is incorrect. A letter has been sent to PG&E informing
them of the discrepancy, which will be corrected when the decision on when and
how to proceed with this project is reached.

Also, the previous estimate of a pumped-storage facility with 162 MW of
generating capacity and 200 MW of pump load has now been corrected per
Division of Engineering’s estimated plant ratings of 192 MW in generating
mode and 184 MW in pumping mode. Together with the location of the
proposed pumped-storage plant, the change in the unit sizes will be corrected
after the decision to proceed is made. The corrected plant ratings will not affect
the transmission line capacity because the estimated complex capacity is still
300 MW and the length of the line is about one fifth of the PG&E estimate,
which will result in a reduction in the transmission line material and construction
costs shown in PG&E’s Informational Review.

The California Independent System Operator has currently filed an
amendment to its tariff with the Federal Energy Regulatory Commission to
include requirements for new generation interconnection.  The main premise of
new generation interconnection is that new generators will be required to
eliminate any impact to the local area as the primary condition for
interconnection. If system studies indicate inadequacy of the electrical capabilities
of any of the electrical equipment (line circuit breakers, substation transformers,
voltage transformers, etc.) in the substation or switchyard at the point of
interconnection, then replacing them will become part of the interconnection
requirements for the new generator.

Transmission congestion resulting from the interconnection must also be
solved by the new generator. More costs will be assessed to the new generator if
the interconnection studies performed by the participating transmission owner
reveal that local transmission congestion is created and/or electrical equipment
capabilities are exceeded within the surrounding area at the point of
interconnection. These additional technical problems and costs will only be
established after the interconnection studies are done. Once transmission is
available, the CAISO also charges usage fees, including grid management and
access charges. The grid management charge is based on the pump load and for
1999 is $0.7781/MWh. Methodology for calculating the access charge is under
development. Additional costs to consider are those involving the terms and
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conditions associated with the Federal Energy Regulatory Commission Licensing
as a result of the generation feature of the facility.

Pumped-Storage Technology Information
Current North American Electric Reliability Council generation resources

database shows 40 pumped-storage hydroelectric power plants operating in the
NERC region. Of the 40, six were constructed within the last ten years. They
range in size from the single unit, 5,000 kW Youghiogheny owned by an
independent power producer connected to the Pennsylvania Electric Co. system,
to the 4-unit, 1,065,000 kW Bad Creek plant owned and operated by Duke
Power Co. The latest pumped-storage plant constructed is the 3-unit
(847,800 kW) Rocky Mountain Project which is jointly owned and operated by
Oglethorpe Power Corp. and other utilities. The remaining three plants are quite
small compared to the Bad Creek and Rocky Mountain Projects, having only a
combined capacity of 75,500 kW.

From the same database source, two pumped-storage plants are currently
under construction: the NA1 (Union Electric Co. owned) has a single
215,000 kW unit scheduled to be in service by May of this year; and Summit
Energy (independently-owned but connected to Ohio Edison, Co.) has six
250,000 kW units, three of which are scheduled to be in service by January 2004
with the remaining three by January of 2005.  A third plant, the NA1 Richard
Russell (owned by the United States Corps of Engineers – Savannah District),
has four 85,000 kW units which were supposedly put into service November of
1998.  The December 11, 1998, issue of the California Energy Markets
Newsletter also noted that Arizona Independent Power applied in October 1998
to the Federal Energy Regulatory Commission for a preliminary permit to build
White Tank Mountain, a project with a 1,250,000 kW pumped-storage
hydroelectric power plant.

To improve the range of operation, the current technology in hydraulic
machinery uses adjustable-speed generators and motor-generators in conjunction
with high current capacity, power electronic devices for conventional and
pumped-storage hydroelectric power projects.

Pumped-Storage Role In Deregulation
The deregulation of the electric utility system created a separate market for

providing ancillary services to the grid, including the following:
1) regulation
2) voltage support
3) spinning reserves
4) non-spinning reserves
5) replacement reserves
6) black start

Due to the inherent dynamic operating characteristics of hydroelectric
generators with motor/generators for pumped-storage, they are excellent
participants in the ancillary services market.  Their ability to respond to changes
in power requirements are steps ahead of the competition and where the ancillary



North of the Delta Offstream Storage Investigation

DRAFT6

services market puts a premium to this capability. Some of these characteristics
include:
1) load following
2) unit commitment
3) reduced system minimum loading
4) voltage and power factor correction (condenser mode)
5) frequency regulation
6) improved system operating reliability
7) black start capability

Therefore, in addition to producing energy, a potentially profitable
application of pumped-storage hydroelectric power plants in the deregulated
power market is in providing ancillary services such as spinning and non-
spinning reserves.

Discussion
The reason for building a reservoir at the Sites location is to store excess

winter flows of the Sacramento River and local streams. Water management is
the main purpose of the proposed project; however, this study only focuses on
power-related aspects of the project. The study estimates the pumping costs
incurred to store the inflows during wet months and income from generation
when water outflows are released during the dry months. Even without
pumpback, minimal operation costs more than optimized operation because of
the assumption to not maximize on-peak generation and to not enlarge Funks
Reservoir. An enlarged Funks Reservoir allows maximized off-peak pumping
when power costs less.

Pumpback is considered to offset pumping costs; however, with an enlarged
Funks Reservoir, net income is generated even without pumpback operation.
Pumpback does generate significant additional income, making it logical to
incorporate pumpback in between scheduled seasonal operation when the
generation revenues are more than the pumping costs. The pumpback operation
shown in the study is optimized and requires very efficient scheduling that may
be difficult to achieve in actual operations. For the most economic operation, the
existing Funks Reservoir must be expanded to accommodate the maximum water
that can be stored during the off-peak hours (ten hours per day) at the maximum
flow of 6,800 cfs, in addition to any dead-pool storage.

The cost of transmission interconnection will depend on the
interconnection studies to be performed by the participating transmission owner,
PG&E. PG&E will require a payment to perform the studies and an official
request to initiate them. If the interconnection studies indicate that the proposed
project will result in local transmission congestion or cause electrical equipment
capabilities to be inadequate at the point of interconnection, eliminating the
transmission congestion and replacing the affected electrical equipment will
certainly add more costs to the project.

Adjustable-speed motor/generator technology is state of the art in pumped-
storage hydroelectric powerplant design; it has an advantage over the
conventional hydraulic motor/generator because the speed of the unit can be
adjusted to allow high turbine efficiency at a wider range of head and flow
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variations.  This technology is suitable for seasonal operation of pumped-storage
where the head varies widely as in the case of the Sites Offstream Reservoir
Project. If the Sites Offstream Reservoir Project proceeds and the Division of
Engineering prepares a specification indicating the ratings (size, operating range,
etc.) of the unit, the study will need to be updated to more accurately represent
the operation of the plant.

The ancillary services market created by the deregulation of the electric
utility industry is an attractive market for hydroelectric power plants due to their
inherent operating characteristics, specifically the spinning and supplemental
(non-spinning) reserves where their ability to respond quickly to changes and to
start and get on line quickly are utilized. Since the project is primarily proposed
to store water during the wet months and release the water during the dry
months, participation in the ancillary services market will only be employed for
as long as the scheduled inflows and outflows are not affected. Even without
participation in the ancillary services market, energy revenue is greater than
energy cost if pumpback is employed.

The results of the study are based on the projected 1999 energy prices from
the December 22, 1998 “1998 Market Clearing Price Forecast for the California
Energy Market: Forecast Methodology and Analytical Issues” by the California
Energy Commission and are shown on Table 3 below. These prices will fluctuate
due to the uncertain conditions resulting from the ongoing developments
brought about by deregulation, thus subsequent studies may be more or less
favorable depending on the available on-peak and off-peak energy price
differentials.

It is often difficult to forecast these differentials. Table 3A below was taken
from the CEC report and shows a comparison of the forecasted 1998 energy
prices to the actual 1998 energy prices. Only the actual energy prices for the
months of April to November of 1998 are available for comparison with the
forecasted data, limiting the comparison to that time frame only. There are
considerable differences in the forecasted to the actual energy prices, especially
during the months of May through August where they ranged from a low of 16
percent to a high of 71 percent. Among the reasons for these variation in prices
are fuel prices, CEC staffs’ modeling of the California Power Exchange market,
hydro availability, CEC staffs’ modeling reliance on historical utility load shapes,
transmission congestion, summer peak temperatures, and the future pace and
extent of deregulation for states outside of California. The prices shown are
average prices only; hourly prices fluctuate much more and range from practically
nothing to hundreds of dollars per MWh.



North of the Delta Offstream Storage Investigation

DRAFT8

Table 3. 1999 Projected Energy Prices
Month On-peak

$/MWh
Off-peak
$/MWh

Jan 30.60 22.36
Feb 27.55 20.13
Mar 26.29 19.21
Apr 24.43 16.10
May 26.44 8.92
Jun 25.56 6.43
Jul 30.77 14.83

Aug 41.10 19.71
Sep 35.01 21.11
Oct 25.53 18.08
Nov 26.40 19.29
Dec 29.72 21.72
Avg 29.12 17.32

Table 3A. Comparison of Forecasted to
Actual CalPX Energy Prices

Mo./Year Projected
On-Peak ($/MWh)

Actual
On-Peak ($/MWh)

%
Diff.

Projected
Off-Peak ($/MWh)

Actual
Off-Peak ($/MWh)

%
Diff.

Apr-98 24.1 25.9 7 15.9 17.0 6
May-98 26.6 15.6 -71 9.0 5.8 -55
Jun-98 26.6 16.7 -59 6.7 4.0 -68
Jul-98 33.9 40.3 16 16.3 19.7 17
Aug-98 37.4 49.6 25 17.9 23.8 25
Sep-98 35.9 39.6 9 21.6 23.8 9
Oct-98 27.8 29.8 7 19.7 21.5 8
Nov-98 28.9 28.5 -1 21.1 21.3 1

The study only addresses power-related costs and does not include costs for
construction, O&M, environmental studies, etc. A complete economic analysis
would require cost projections from other DWR divisions. A time frame of when
the plant would be constructed and operated would also be necessary to project
and present the costs and revenues. In addition, as the electric power industry
gains experience with deregulation, projections for the price for energy, ancillary
services, and transmission will be more accurate and should be updated as more
information on this project becomes available. Currently few projections even
exist for beyond ten years.
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